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Fowell’ has given preliminary evidence for t,ransient heterokaryosis, incidental 
to zygote formation, in a st’rain of Saccharomyces cerevisiae var. ellipsoidem. This 
paper constitut,es (1) a verificat.ion of Powell’s scheme and (2) its application to the 
demonstration of cyt’oplasmic: transfer of factors associated wit,h respiratory de- 
ficiency.2 

#to&s.-The cultures WY42 (a) and WY44 (a) were kindly supplied by R. H. 
Vowel1 as HMhf and H&loo-, respectively. They grew dispersely, would not 
sporulat,e, and mat,ed prolifically. Two auxotrophic mutants, WY91 and WY92, 
were obtained from lo4 colonies of WY42 screened by replica plat#ing after ultra- 
violet irradiation. 

WY91 showed normal respiration (R+) and had an absolute requirement for 
arginine and a partial requirement for leucine. Petite (R-) derivat,ives, 91-LPl to 
LP9 (CZ Arg-R-), were obtained by acriflavine treatment,.* 

WY92 required lysine and was also R-, as are many of the survivors after ultra- 
violet irradiation.3 

WY115 was obtained from lo4 colonies of WY44 by similar methods. It re- 
sponded to the thiazole component of vit’amin B1 and was R-. An aThz-R+ 
segregant, WYllO, was obtained from a hybrid of WY115 and WY42. 

An actidione-resistant mut,ant’ of WY1 10, 1 lo-Ac3 (aThz.-Ac’R+j, was selected 
on complete medium4 cont,aining 10 mg. actidione per liter. 

Ascus analysis of hybrids of WY92 and WY44 (HI, 2, 3) indicated that the 
former was a segregational petite5 (i.e., non-cytoplasmic) and was therefore unsuit- 
able for the projected experiments. 3 : 1 and 4 : 0 segregations for lysine were ob- 
tained. Non-mating, directly sporulating spore clones were recovered from these 
hybrids and from a hybrid of WY91 and llO-Ac3 (H4). Thirty asci from H4 were 
dissected, but only 26 spores from 18 asci were recovered.6 The only tebrad com- 
pletely recovered produced three prototrophic clones and one clone which required 
bot,h arginine and thiazole. 

X-ray survival tests on WY42 and a hybrid (WY91 X WY44) indicated that 
both of the parental stocks were already diploid. Presumably they were homozy- 
gous for mating type. 

All the spores recovered from H4 showed some recombination of the parental 
markers, which are therefore not closely linked. H4 was actidione-resistant, though 
less so than 110-A&3, and the segregant,s showed a range of levels of actidione resist’- 
ante. 

EXPERIMENTALDESIGNANDPROCEDURE 

According to Powell’s observaDions, many buds from mating pairs should have 
parental combinations of genes. In addition, because of the possibility of cyto- 
plasmic mixing in a fusion figure, some buds from R- X R+ mating pairs should 
receive R+ cytoplasm with the gene combination of the R- parent. Their mani- 
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festation of the R+ phenotype would indicate extranuclear transmission of the nor- 
mal respiratory factor. Conversely, ext(ranuclear transmission of the suppressive 
facto? would he indicated hy the isolation of R- huds containing the other markers 
of the R+ parent. 

R- X R- and R+ X RS crosses were examined in control experiments. 
In the experiments to he reported, mass-mating mixtures were incubated fol 

4-8 hours before the isolation of mating pairs was begun.x An earlier series of ex- 
periments, in which 72 pairs were isolat,ed 11-24 hours after setting up the mating 
mixtures, had not given any evidence of cytoplasmic transfer. 

Each mating pair was incubated until it had formed a progeny of 20-100 cells, 
which was then spread on a plat,e of complete medium. This was replica-plated 
to minimal9 and complete media to detect auxotrophs among the progeny. Any 
auxotrophs were characterized for growth requirements by replica plating to a series 
of appropriately supplemented plates of minimal medium. Respirat#ory status 
was usually determined in tubes of acet’ate broth, lo but in control experiments a 
plate of acetate medium was included in the series of replica plates. 

Sometimes buds were removed from the isolat.ed mating pairs and cultured sepa- 
rately for characterization of growth requirements and respiratory status. 

Samples of auxotrophs from each plate were t#est#ed for mating type. Actidione 
resistance was tested in crosses involving 1 IO-Ac3 or its R- derivatives. 

I 

ORIGIN OF THE PARENTAL-TYPK BUDS FROM -MATING PAIRS 

The crosses involved WY91 or its R- derivatives (a Arg-) and WY110 or its 
actidione-resistant or pet’ite derivatives (a?%~-AC’ or AC”). Auxotrophs were 
found in the progeny of 91 out of 530 mating pairs which did not have buds present, 
at the time of isolation or were stripped of existing buds. Thirty-three of these 
pairs yielded both types of auxotrophic progeny, and 58 gave one or the other t’ype. 
The remaining 439 pairs gave exclusively protBottrophic (hybrid) progeny. Proto- 
trophic progeny were also present on most of the plates containing auxotrophs. 

In 90 of the 91 sets of auxotrophic progeny, no recombination of’the parental 
markers was observed. The remaining set, produced by a pair from the mating 
WY91 X llO-Ac3, contained Thx- progeny, which, unlike the parent’al cultures, 
would not mate with either WY42 or WY44 and could be induced to sporulate, 
although poorly. They also showed an intermediate level of actidione resistance 
which, together with the weak sporulation, suggests bhat these auxotrophs were 
aneuploid hybrids. At best, this is a dubious case of recombination. 

Therefore, it can be concluded that the auxotrophs carry nuclei assorted from 
heterokaryons without intervening fusion, which would afford an opportunity for 
genie recombination. Thus any changes in respirat’ory status depend on extranu- 
clear transmission or on mutat,ion of nuclear or cytoplasmic determinants of respi- 
ration. 

EX’l’RaNUCLJd~4H THANSMISSION 

R- x Ri- matings.-‘l‘he suppressiveness of three of the Yl-LP series of petite8 
was det’ermined.7 An R+ histidine-requiring culture,” WY121, was used as the 
screening parent. 91-LP9 (aL4rg-R-) was found to be 76 per cent suppressive and 
was used in a series of crosses with WY1 10 (aThx-Rf). The results of these and 
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all subsequent experimenk are given in Table 1. One case of a change from 
CuArg-R- to aArg-R+ was found among seven sets of progeny containing Arg- 
auxotrophs. In the same experime&, three of eight’ pairs which yielded Thz- 
progeny gave some aTh,x-R-. 

TARLE 1 

RESULTSOF EXPERIMENTS WITH MATING PAIRS ISOLATED AFTER&-~ Harms 
INCUBATION 0F MATI~xG MIXTVRES 

Ii- x Rf 
9l-LP9* x WY110 

(aArg-R- X a Thz-R+) 
Ql-LP3f or 5f X WY110 or IlO-Ac3 

(aArg-R- X a Thz-(Ae)R+) 
II- x R- 

91-LP3 or 5 x 110-P3, 4, or R 
(cuArg-R- X aThz-R-) 

R+ X R+ 
WY91 x WY110 or 110-Ac3 

((Arg-R+ X aThz-(Ac’)R+) 

71 4 5 3 1 3 

14i 4 15 8 4 3 

268 7 8 11 0 0 

135 7 12 14 0 0 
* 76 per cent suppressive. 
t 27 per cent suppressive. 
f 4 per cent Rupprensiw. 

The next series of tests involved crosses of 91-LP3 (27 per (sent suppressive) or 
Yl-LP5 (4 per cent suppressive) with WY110 or IIO-Ac3. Twelve pairs yielded 
ilrg- progeny, and 4 of these pairs gave some CY Arg-Rf types, while only 3 of 23 
pairs which gave Thx- progeny showed a change from R+ t'o R-. 

Thus the number and direction of the changes ohserved showed t)he expected 
correlation with the suppressiveness of the R- parent,. 

R- X R- Control Matings.-The occurrence of the mutat,ion from R- to R+ has 
never been definitely established, and bhe R- X R- crosses so far reported have 
given exclusively R- progeny, unless one of the petites was segregational. However, 
a series of cr Arg-R- X aThz-R- crosses (91-LP3 or 5 X llO-P3,4- or 5-acriflavine 
R- cultures from WYllO) was made as a control for the caharrges from a ,4rg-R- 
to (Y Arg-R+ which were observed in the R- X R+ crosses. 

The progeny plates conkned exclusively small-colony types, and these were all 
found to be R- on examination of the acetate replica plat’es. Seven pairs gave 
(Y Agr-R- progeny, 8 gave a7 hz-R-, and 11 gave a mixture of these two types of 
auxotrophs. Thus 18 pairs gave OL Arg-R-, and none gave (Y Arg-R+, in compari- 
son with the t,est series, where ,5 of 19 pairs which yielded .4,rg- progeny gave some 
a Arg-R+. 

R+ X R+ Control Matings.--Mutation from R+ to R- is quite common during 
vegetative growth. Ephrussi et ~2.‘~ calculated that the mutation rate is 2 X lo-” 
per cell generation. R+ X R+ crosses were carried out to determine whet,her the 
R- parent (in R- X R+ matings) had contribubed to t,he nhstvvd frequency of 
changes from R+ to R- in thiazole auxotrophs. 

Auxotrophic progeny were obtained from 33 of 135 pairs isolated from matings 
of WY91 and WY1 IO or 1 IO-Ar.?. All these were Rf. One mating pair. which 



gave exclusively prototrophic progeny, contained s li- among 100 K+ colonies. A 
bud removed from this pair also gave rise to an R- clone. 

Seven pairs gave CY Arg-R+ progeny, 12 gave a Thz-R+, and 14 gave a mixt,urr 
of t,he t,wo types of auxotrophs. With the exception notfed above, all t,he prot,o- 
trophic progeny were also R+. Thus 26 pairs gave aThz-R+ progeny, and none 
gave aThz-R-, in comparison with t,he t,est series, where 6 of 31 pairs which yielded 
aThz- progeny gave some al’hz-R-. Exact treatmentm13 of the 2 X 2 tables, 
18/O: 14/S for .4rg- progeny and 26/0:25,iCi for Thz- progeny, gives p = 0.03 and 
0.02 that the observed changes in respiration are the same for R- X R+ ~CYWI~ 
R- X R- and for R- X R+ versus Rf X R+ crosses, respectively. 

If mut,ation is independent of t,he other parent in the mating, it) cannot awount 
for the observed ahanges. The changes from R- to R+ and from Ri t,o R- are 
therefore probably caused by cytoplasmic transmission of the factors responsible fat 
normal respiration and t,he suppression of normal rrspirat.ion in aword mit.h the con- 
rlusions of Ephrussi et aZ.3* 7 

The interested reader is referred t,o Wright14 for t,whnical details and a discussion 
of remaining problems concerning these factors. 

RUMIL~RI- 

Fowell’s interpretat#ion that parental-t,ype buds from mating pairs in a st,rain of 
S. cereuisiae var. ellipsoideus arise from transient, hetJerokaryons has heen con- 
tirmed. In a series of experiments with doubly and triply marked st,oeks, carrying 
markers which were not, chlosely linked, no unequiwwal caase of recombination was 
found. 

Progeny of isolated heterokaryons include clones of the parental genotype which 
show a change in respirat’ory phenot#ype. The latter therefore appears to be sub- 
ject’ t,o extranuclear t#ransmission, in accord with t’he conclusion of Ephrussi et al. 

* Paper No. 669. This work has been supported by grants from the National Cancer Institute 
(C-2157), Public Health Service, and from t,he Graduate School, University of Wisconsin, with 
funds allocated by the Wisconsin Alumni Research Foundation. 

t We are indebted to Drs. H. Roman, C. Raut, and B. Ephrussi for the provision of cultures 
related t.o this inveat,igation, and to Dr. C. C. Jdndegren for kindly hringing Fo~rll’s paper to 
nur attention. 
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